About one in twelve Americans is a military veteran. 1, 2 One unique aspect of military service is that individuals must pass physical fitness tests every 6-12 months, with adverse career consequences for those who fail to meet standards. Given the focus on physical activity (PA) and fitness during service, determining activity levels after service ends may help us better understand whether individuals who were required to be vigorously physically active in young adulthood have greater PA levels later in life.
In nonmilitary populations, PA appears to track within individuals over time. 3 This tracking is thought to reflect the establishment of habitual patterns of activity, though our understanding of how PA in early adulthood relates to PA later in adulthood is limited because the vast majority of studies have evaluated associations only between PA in childhood and adolescence or in adolescence and adulthood. 3, 4 It is plausible that PA levels in veterans would be greater than in nonveterans for 2 reasons: 1) only those who are physically capable of vigorous PA are eligible for service and 2) the PA required to meet the physical fitness standards may result in long-term and sustained habits. At the same time, PA during service may be perceived as an obligation rather than as a choice. Such perceptions may negatively impact PA after service ends. 5 To our knowledge, only 1 prior study using a national sample has examined this association, and although results indicated greater PA levels in veterans, 6 confirmation of these results is warranted.
The National Health and Nutrition Examination Survey (NHANES) provides a unique opportunity to build on the prior literature as information on selfreported and objectively-measured PA levels as well as sedentary behaviors were collected in a national sample of former military and nonmilitary personnel. Thus, the primary aim of this study was to assess the extent to which compulsory vigorous PA in early adulthood (as assessed by military service) relates to PA behaviors after completion of that service.
Methods Sample
We combined data from the 2003-2006 NHANES for analysis, as these are the only years in which data on both self-reported PA and PA monitoring were collected. Details of the NHANES sample design and data collection methodology are available elsewhere (http://www. cdc.gov/nchs/nhanes.htm). Briefly, NHANES seeks to identify a probability sample of civilian, noninstitutionalized US residents. Data collection is conducted continuously throughout the year using a multistage sampling design. The National Center for Health Statistics ethics review board approved the original survey protocols, and informed consent was obtained for all NHANES participants. As NHANES data are de-identified and in the public domain, this analysis was considered exempt from University of Washington/VA Puget Sound Health Care System Institutional Review Board review.
Data Collection
Self-Report of Physical Activity and Sedentary Behaviors. Information on self-reported PA was collected through in-person interviews. Respondents were asked to report PA performed for a minimum of 10 minutes at a time, in the past 30 days, in various domains, including transportation (bicycling and walking), household activities and yard work, moderate and vigorous leisuretime activities (including exercise, sports, and physically active hobbies), muscle-strengthening activities, and sedentary activities. Moderate-intensity activities were described as "activities that cause only light sweating or a slight to moderate increase in breathing or heart rate." Examples included brisk walking, bicycling for pleasure, golf, and dancing. Vigorous-intensity activities were described as activities that caused "heavy sweating, or large increases in breathing or heart rate." Examples included running, lap swimming, aerobics classes or fast bicycling. Individuals who reported performing moderate or vigorous activities were asked to report the activity performed, frequency per day, week or month as well as minutes per session for each activity. More information can be found elsewhere (http://www.cdc. gov/nchs/nhanes.htm).
To assess usual daily activity, respondents were asked to select the sentence that best described their activities during a typical day (mainly sitting, mainly standing, lifting light loads or climbing stairs or hills often, heavy work or carrying heavy loads). To estimate sedentary screen time, respondents were asked to report the usual number of hours per day spent 1) sitting and watching TV or videos and 2) using a computer or playing computer games. Response options for each question ranged from 'none' to '5 hours or more,' in 1-hour increments.
Physical Activity Monitoring. PA was objectively assessed with Actigraph model 7164 accelerometers (Actigraph, LLC; Ft. Walton Beach, FL). Only individuals who were ambulatory were offered the opportunity to complete the PA monitoring component of the NHANES examination. The Actigraph is a lightweight and small uniaxial accelerometer. The Actigraph measures and records vertical acceleration as ''counts,'' providing an indication of the intensity of PA associated with locomotion. 7 The counts can be summed over a certain time interval, or epoch. Sixty-second epochs were used by NHANES. 8 Observed counts for common activities are somewhat variable; values for walking at 2-3 miles per hour are about 1000-3000 counts per minute; running at 6-7 miles per hour are about 10,000 counts per minute. 9 All ambulatory participants were asked to wear a monitor over the right hip on an elasticized belt for the 7 days after their examination while they were awake and to take it off for swimming or bathing. Details of the accelerometer protocol are available elsewhere (http://www. cdc.gov/nchs/data/nhanes/nhanes_03_04/lab_pm.pdf). 10 Although validity and reliability of the NHANES measures have not been assessed, both the subjective and the objective PA measures have demonstrated associations with anthropometric measures (skinfolds) and cardiometabolic biomarkers. 11 Associations were stronger for accelerometer-determined activity.
Veteran Status and Key Covariates. Veterans were defined as those who reported that they had "ever served in the Armed Forces of the United States." Data on key covariates including age, gender, race, and education were obtained from interviews. Height and weight were assessed by direct measurement and used to calculate BMI as kg/m 2 .
Analysis

Self-Reported Data on Physical Activity and Sedentary
Behaviors. We categorized self-reported PA in several ways. First, we classified individuals according to whether they met the 2008 PA Guidelines of performing ≥ 150 minutes per week of moderate-intensity PA, ≥ 75 minutes/week of vigorous-intensity PA, 12 or an equivalent combination of the 2 (in which case, time spent in vigorous-intensity activity was doubled). Individuals who reported an average of less than 10 minutes per day of moderate-to vigorous-intensity PA were classified as inactive. Those who performed at least 10 minutes of moderate-to vigorous-intensity PA, but did not meet Guidelines were classified as "insufficiently active." The percentage of individuals meeting Guidelines overall and stratified by age (21-44, 45-64 and ≥ 65 years) was estimated.
Second, we ascertained the frequency of regular transportation-related, leisure-time, household, and occupational PA in the past month. "Regular" PA was defined as ≥ 12 times per month for transportation-related PA, vigorous leisure time PA, and muscle strengthening activities and ≥ 20 times per month for moderate house/yard work and moderate leisure time PA. These frequencies were chosen to be roughly equal to 3 and 5 times per week, respectively for vigorous-and moderate-intensity activity.
Third, we estimated the proportion of individuals reporting specific activities (eg, walking, running, and swimming) and the metabolic equivalent task (MET)-hours per week for each activity. MET-hours per week for each activity were calculated as the product of the MET value (which represents the ratio of energy expended in activity relative to the resting metabolic rate, and was assigned based on the activity type and reported intensity 13 ), the days per week, and the hours per day. Sedentary screen time was estimated by the sum of hours per day of TV/video watching and computer time.
Objective Data on Physical Activity and Sedentary
Behaviors. For the PA monitoring data, we used accepted procedures to identify and impute questionable portions of data and implausible minute-by-minute values that were consistent with monitor malfunction (eg, counts equal to the maximum recordable value of 32,767). 10 To determine whether each 24-hour period met the criterion of being valid (ie, that the monitor was worn for at least 10 hours), we first distinguished between wear and nonwear time. Nonwear time was defined by an interval of at least 60 consecutive minutes of 0 activity intensity counts, with allowance for 1-2 minutes of counts between 1-100. Periods of nonwear were defined as ending when count levels exceeded 100 counts per minute or were between 1-100 counts per minute for 3 consecutive minutes.
Objective PA monitoring data were used to estimate 1) mean counts per minute and 2) time spent in moderate-to vigorous-intensity PA or sedentary behaviors according to count thresholds. Mean counts per minute were calculated as the sum of activity counts for a valid day divided by the number of minutes of wear time in that day across all valid days. We used a cut point of > 2020 counts per minute for moderate-intensity activity and > 5999 counts per minute for vigorous-intensity activity. 10, 14 All activity above the specified thresholds, not just those performed in bouts of at least 10 minutes, were counted toward the total minutes of moderate and vigorous PA. Sedentary time was calculated as the total number of minutes with counts between 1-100 during wear time.
To control for potential confounding and account for the complex survey design and nonresponse, all estimates incorporated NHANES-provided survey weights and inverse probability weights via model-based direct adjustment. 15 First, we recalculated the NHANESprovided sample weights to correct for the nonresponse due to missing accelerometry data. Next, to control for a priori-determined potential confounding factors [ie, age, race/ethnicity, education, marital status, and poverty in all analyses (using the categories as presented in Table  1 , with the exception that age was adjusted using the following categories: 21-29, 30-37, 38-44, 45-54, 55-64, 65-69, 70-74, 75-79, 80-84, 85+)] via model-based direct adjustment, we fit a logistic regression model with the reference population (in this case, veterans) and the population to be adjusted (nonveterans) as the binary outcome. From this model, predictive probabilities for the covariates were estimated. The calculated summary statistics for nonveterans can thus be interpreted as the expected values if the nonveterans had the same distribution of covariates as veterans. P-values were estimated based on Pearson's chi square statistic, corrected for the survey design. 16 All analyses were conducted using the svy survey data commands in Stata 11.1 (Stata Corporation, College Station, TX).
Results
In 2003-2004 and 2005-2006 , respectively, a total of 2370 and 2341 men (n = 4711) 21 years of age and older were interviewed and examined. We excluded 3 individuals who were missing information on Veteran status and 153 individuals who reported that they were unable to perform moderate or vigorous PA. Of the remaining individuals, 3953 (86.8%) completed the PA monitoring. After excluding those who returned a monitor that was not in calibration (n = 196, 5.0%), had fewer than 4 valid days of monitoring (n = 817, 20.7%), and who were missing self-reported PA data (n = 4, 0.1%), there was a total of 900 veterans and 2036 nonveterans for analyses.
There were substantial differences in demographic, health-related, and behavioral characteristics between veterans and nonveterans (Table 1) . A greater proportion of veterans were older; white; completed some college; ever married, divorced, or separated; not poor; former smokers, and overweight or obese as defined by a BMI ≥ 25 kg/m 2 .
Overall and within subgroups defined by age, there were no statistically significant differences in meeting PA Guidelines between veterans and nonveterans, although the percentage of veterans who met PA Guidelines was greater (51.1% vs. 43.9%, chi square P = .26, Table 2 ). Differences between veterans and nonveterans in meeting PA Guidelines were greatest for those < 45 years of age (but still not statistically significant), while there was a smaller difference by Veteran status among those 45-64 years of age, and very little difference between veterans and nonveterans in meeting PA Guidelines in those 65 and older.
When considering different domains of PA, selfreport of regular transportation-related activity, moderate house/yard work, and moderate leisure time PA were similar between veterans and nonveterans (all P > .5, Table 3 ). A greater percentage of veterans reported regular vigorous leisure-time (30.4% vs. 19.6%, P = .04) and muscle-strengthening activities (24.2% vs. 16.7%, P = .051). However, the mean hours of sedentary screen time were greater in veterans compared with demographically similar nonveterans (3.24 vs. 2.72 hours per day, P = .02).
Report of specific leisure-time activities performed by veterans and nonveterans were generally similar ( Table  4 ). The most commonly reported leisure-time activities were walking (veterans: 33.2%, nonveterans: 31.9% of, P = .76), running/jogging (veterans: 24.8%, nonveterans: 18.1%, P = .071), and bicycling (veterans: 19.2%, nonveterans: 16.0%, P = .33). Though less commonly reported, there was borderline evidence that a greater proportion of nonveterans swam relative to veterans (veterans: 4.2%, nonveterans: 7.7%, P = .058). No significant differences in MET-hours per week between veterans and nonveterans were observed (data not presented).
Based on objective PA monitoring, veterans appeared to be less physically active and more sedentary than nonveterans, although no differences achieved statistical significance (Table 5 ). For activity, differences appeared to be greatest for vigorous PA, though the amount of activity and the absolute differences were small. For example, in men 21-44 years, mean minutes per day of vigorous PA was about 40% lower in veterans than in nonveterans (1.0 vs. 1.7 minutes, P = .065). Conversely, in men ≥ 65 years, mean minutes per day was 5 times as much in veterans than in nonveterans (0.5 vs. 0.1 minutes, P = .14). Objectively-measured estimates of sedentary time were marginally greater in veterans than in nonveterans (8.2 hours per day vs. 7.9 hours per day, Note. Percentages are weighted to take into consideration the complex survey design and to reflect the NHANES sample. a Poverty status is based on family income and family size using the US Census Bureau's poverty thresholds for the previous calendar year. "Poor" persons are defined as below the poverty threshold. "Near poor" persons have incomes of 100% to less than 200% of the poverty threshold. "Not poor" persons have incomes that are > 200% of the poverty threshold or greater. P = .077). The greatest differences between veterans and nonveterans for sedentary time were observed in those 45 to 64 years of age (8.6 hours per day vs. 8.1 hours per day, P = .097). However, based on percent of wear time spent in sedentary activity, the greatest differences between veterans and nonveterans were observed in those 21-44 years old (55.9% vs. 52.1%, P = .11).
Discussion
Overall, these data failed to provide strong or consistent evidence that service in the military as a young man was associated with greater levels of postmilitary PA. While veterans reported more PA, particularly more vigorous-intensity PA than nonveterans, for the most part, the differences were not statistically significant. Furthermore, the objectively-measured PA failed to support the self-reported data and instead suggested that veterans may be less physically active than nonveterans. In addition, both sources suggested that veterans spent more time in sedentary activities. Sedentary behaviors and lifestyles are now recognized as an independent risk factors even if leisure time vigorous and moderate physical activity are sufficiently high to meet recommended guidelines. 17 There is growing evidence of the harms of sedentary behavior, even among people who meet PA Guidelines. 18 Numerous studies have observed associations between sedentary time and cardiometabolic outcomes such as abnormal glucose metabolism and the metabolic syndrome, even after adjustment for PA and other potential confounders. 18 Development and testing of interventions to reduce sedentary time are burgeoning areas of research, 17 and ones that might be appropriately targeted at veterans.
Although we hypothesized that veterans would be more physically active than nonveterans, there are also reasons to posit the opposite, and some supporting evidence. 19, 20 PA during military service may be perceived as an obligation rather than a choice, and this may influence activity after service. In support of this hypothesis, being forced or encouraged to participate in sports or to exercise in preteen years was inversely associated with PA in adulthood. 5 In a second study, those who performed physically demanding jobs (as may be the case for some military occupations) substantially reduced their PA after retirement, whereas no such reductions were observed in those who performed sedentary jobs. 19, 20 Thus, there are plausible explanation for why PA levels in veterans may be greater (because of habits formed during their military service) and lower (because of the lack of individual choice to not exercise/be physically active during their military service) than in nonveterans. Future studies which ascertain perceptions of PA and other psychosocial characteristics may help to enhance our understanding of this potentially heterogeneous population.
We are aware of only 1 prior study which examined PA in veterans and a comparable group of nonveterans using data from the Behavioral Risk Factors Surveillance Survey (BRFSS). 6 Unlike the current study, results from the prior study indicated greater PA levels in veterans than nonveterans. Major strengths of the prior study were its large size and national scope. Although the current study was also national in scope, the sample size was considerably smaller. A major limitation of the prior study was that the findings were based on self-reported PA data only, which is known to overestimate activity compared with objective measures. 10, 21 However, although NHANES measured PA using wearable monitors, reducing reporting biases, certain behaviors, such as objectively-measured vigorous activity, were uncommon, which reduced power to detect relatively small differences overall and in subgroups. A notable strength of NHANES is that a landline telephone is not required for eligibility, increasing the representativeness of the sample. In addition, response rates are high (approximately 73% vs. 55% in the BRFSS). However, approximately 20% of individuals were dropped from the current analyses because they did not meet minimum monitor wear requirements. NHANES also excludes individuals from the PA monitoring component if they use a wheelchair or have an impairment which prevents them from walking or wearing the PA monitor. Nonetheless, conclusions based on self-reported data did not change in analyses that included those without objective PA monitoring data (data not presented).
Our study confirmed previous investigations that have observed substantial differences in estimates of PA based on self-report and objective monitoring 10, [21] [22] [23] and also suggested possible differences in the relative estimates based on Veteran status. Previous authors have acknowledged that self-report and objective PA measures capture different aspects/correlates of PA that are not directly ascertained by accelerometers, such as muscular strength, affect, and dietary patterns. 11 Additionally, selfreport instruments such as that used in NHANES assess perceived intensity, while the accelerometer cutpoints were based on directly measured intensity, and did not vary by age or other factors. In terms of the relative differences between objective and subjective measures by Veteran status, prior studies have noted differences in the reliability and validity of self-reported PA by race/ ethnicity, 23 but we are not aware of any studies that have investigated measures of reliability or validity based on Veteran status. Our results suggest that there may be important differences in such measures between groups. Although it was outside the scope of this paper to determine the reasons for the differences, they may be due to differential over-or under-reporting and/or underascertainment of activities.
Under-ascertainment of nonambulatory and waterbased activities by accelerometers in veterans seems unlikely based on self-reported data. However another possibility is that veterans engaged in more exercise that is recalled and reported better, while nonveterans engaged in more moderate-to vigorous work-related activities that are less accurately reported because they are not planned activities performed to improve or maintain physical fitness. 24 In summary, this study indicated that veterans were not significantly more likely to meet PA Guidelines, but may have been more likely to perform vigorous activities. At the same time, veterans appeared to spend significantly more time in sedentary activities, specifically those involving television watching and other screen time. These findings suggest that the physical activity and fitness requirements of military service may not result in more physically active lifestyles later in life than in the general population, although our ability to measure such differences is hampered by methodological limitations. Health outcomes in veterans may be improved by developing interventions to encourage PA and reduce sedentary time.
